The subject of this study is to analyse changes in the taxonomic structure and development intensity of phytoplankton and, thus, to determine the diversity of cyanobacteria and algae along with the trophy state of two oxbow lakes in the Wrocław area (south-western Poland). The analysis of samples and data from previous years showed a total of 244 cyanobacteria and algae species within these two lakes. The species composition changed significantly in both of them -there were found 90 species new to the studied flora (37% of current flora) and 74 species which were previously recorded. The diversity of cyanobacteria and algae reflects the conditions in these water bodies and each change in ecological conditions (e.g., anthropological dangers) is reflected by a change in the phytoplankton assemblage structure. Consequently, knowledge of taxonomic diversity is useful in monitoring water bodies to preserve them in good conditions. Both studied oxbow lakes belong to eutrophic ecosystems as evidenced by their phycoflora, which is rich in species characteristic of high-trophy water, and recorded water blooms. The analysis of changes in cyanobacterial and algal assemblages in these lakes was also a basis for determining their trophy and finding it to be progressively eutrophic. Regular phycological studies of Wrocław numerous water bodies are essential and, in the future, will allow us to protect them and to react quickly in case of danger to these ecosystems. It will also allow us to study eutrophication processes in the water bodies that are crucial to the city.
Introduction
In cities located on big rivers, a vast network of surface water gives them a unique character. They have numerous water bodies left behind in the old river channels of regulated rivers. Wrocław is located within the hydrographic hub of the Odra and some of its tributaries and provide, therefore, a good location for phycological studies. The Odra branches out into several canals and river-arms which make the hydrographic network diverse. The regulation of the Odra river-bed, for shipping purposes and for flood protection, contributed to the formation of many oxbow lakes in the city area (Bieroński & Tarka 2010) and, consequently, different water bodies in Wrocław were subjects of many phycological studies (Hilse 1865 (Hilse , 1866 Kirchner 1878; Cohn 1884; Schröder 1897 Schröder , 1899 Gołowin 1957; Panek 1976; Panek & Burzyński 1985; Panek et al. 1990 Panek et al. , 1991 Dudek-Łacek 2007; Richter & Matuła 2003 , 2012 Richter 2006 Richter , 2013 Bączek 2013) . Knowledge about water ecosystems in this area, their biological diversity, functioning and the connection with the landscape is still insufficient. Such studies are crucial because there could be not only rare species to be discovered but also interesting biocoenotic structures. Therefore, the main goal of this study was to determine, both qualitatively and quantitatively, the current cyanobacteria and algae composition of the flora in two oxbow lakes in Szczytnicki Park in Wrocław. The additional data about phytoplankton were used to determine the ecological status of these water bodies as required by the Water Framework Directive (Lyche-Solheim et al. 2013; Napiórkowska-Krzebietke & Hutorowicz 2014) , which allowed us to ascertain the trophy level in the studied lakes.
Water ecosystems in urban areas are susceptible to the city dynamics, which is reflected in the rate and intensity of anthropogenic factors. The development of urban infrastructure, housing and industrial facilities, negatively influence the characteristics of water habitats. Qualitative changes are, however, directly influenced by eutrophication of water bodies, increases in fertility, air pollution, and climate warming. All these factors cause differences in the species diversity of cyanobacteria and algae (Messyasz & Jurgońska 2003; Wołowski 2003) . By analyzing the species composition and quantitativeness of phytoplankton in a proper time-frame, we obtain information about water ecosystems and, in particular, about the changes in these water bodies (Burchardt 1994; Reynolds 1997; Carvalho et al. 2012) . As data on cyanobacteria and algal flora of the studied oxbow lakes were available from previous investigations (Richter 2006; Dudek-Łacek 2007) , the newer study provided valuable comparative material allowing us to determine changes in phycoflora over several years. Systematic biological studies provide quality control for these water bodies and allow us to conduct monitoring research aimed at maintaining their good condition. The moni- 
Changes in the phytoplankton diversity of two oxbow lakes in a big city: a case study... Dorota Richter & Paulina Bączek Explanations: 1 -state border, 2 -rivers, 3 -city border, 4 -studied oxbow lakes (see Table 1) toring of urban water bodies is always crucial because their attractiveness gives them aesthetic and touristic value. Their recreational values make it essential to keep them clean. Proper characteristics of phycoflora of water bodies that are representative for Wrocław will allow the constant monitoring of water environment in the city. Additionally, it will make possible to establish proper protection of numerous water bodies, canals and branches of the Odra river and a swift reaction in case of danger to these ecosystems.
Material and methods

Study sites and sampling
The phycological research was conducted between June and September 2013. The samples of cyanobacteria and algae were taken twice a month. Plankton net with 25 μm mesh diameter was used to collect the study material. The concentrated material was gathered into 200 ml plastic containers. The identification was performed live (fresh samples). Species observation was conducted with a Nikon Eclipse TE2000-S digital microscope equipped with a Nikon DS-Fi1 camera. Quantitative analyses were conducted following the Utermöhl method (Utermöhl 1958) . In order to prepare the samples for quantitative analyses, 5l of water were poured through the net and, then, concentrated to 200ml. Such material was observed using a chamber (HYDRO-BIOS no. 435016). The quantitativeness of particular taxa was determined under the microscope using modified Starmach's 6-grade scale (1955) , where 1 means the individual occurrence of a given species; 2 -from 1 to 6 units on standard viewing surface; 3 -from 7 to 20 units on standard surface; 4 -from 1 to 10 visible units; 5 -from 11 to 30 visible units; 6 -water blooms (over 30 units in every field).
The taxonomic classification was conducted in accordance with Hoek et al. (1995) . Species names were updated according to the detailed literature on the species (Wacklin et al. 2009; Komárek 2016) .
Two natural water bodies located within the city of Wrocław (south-western Poland) were chosen for the study (Figs. 1-2, Table 1 ).
Physical, chemical and statistical analyses
Physicochemical property analyses of the studied oxbow lakes were also conducted ( Table 2 ). The samples for physicochemical analyses in 2013 were collected at about 12.00, individually in case of both oxbow lakes, on 15.04.2013. In 2006-2008, the samples were collected four times, in the afternoon, on 5. 04.2006, 10.04.2006, 10.10.2008 and 15.10.2008 . In the studied lakes, the samples were collected 1m from the bank, at the depth of 20-30cm, in water free from aquatic plants. pH and conductivity were measured using PN-90/C-0440.01 and oxygen concentration with PN-ES-ISO 8467.
Statistical analyses were performed using STATIS-TICA v. 12 packages (StatSoft Inc., 2014). Shannon's diversity index (Shannon & Weaver 1949 ) was used to describe species diversity and evenness.
Results
Phytoplankton composition of the studied oxbow lakes
The studied ecosystems are characterized by qualitatively rich phytoplankton composition. Particular cyanobacterial and algal assemblages have diverse taxonomic composition. They differ in species number, quantitative arrangement, the share of particular taxonomic groups and taxonomic diversity. The Diversity Index of cyanobacteria and algae in the studied oxbow lakes was high with a slightly higher species diversity in the lake no. 2. Evenness Index in both examined water bodies showed a diverse species share in cyanobacterial and algal assemblages ( Table 3 ). The phycoflora of the studied; lakes showed a clear dominance of Bacillariophyceae (82 taxa, 33% of all recorded species) and Chlorophyceae (57 taxa, 23% of all recorded species). Within this group, the highest number of species and species diversity along with species with higher quantitative scale was found to occur, which distinguished the lakes as diatoms-green algae structure (Appendix 1). The shares of these groups differed between both water bodies. In the oxbow lake no. 1, the number of diatoms was twice higher than Chlorophyceae, whereas it was very similar in the oxbow lake no. 2. In the case of other groups, the study revealed 47 taxa of Euglenophyta (19.3% of all recorded species) and 35 taxa of Cyanophyta (14.4% of phycoflora). Dinophyta (2 taxa, 0.82%) and Cryptophyta (1 taxon, 0.4%) were the least numerous (Table 3 ). The studied lakes also had an increased number of Cyanophyceae and Euglenophyceae species and some of these species contributed to water blooms.
3.2. Changes in time in cyanobacteria and algal flora of the studied oxbow lakes Current results, as compared to data from previous years (Richter 2006; Dudek-Łacek 2007) , suggest that the total number of cyanobacteria and algae taxa found in the studied oxbow lakes grew insignificantly or remained the same. However, there was a change in species composition. Ninety new species were found to occur in the studied flora and only 74 previously recorded species were confirmed (Table 3) .
In the oxbow lake no. 1 significant changes occurred in the combination of species of particular types. Many hitherto occurring species disappeared and new species emerged in their place (50 new taxa, over 60% of current flora). The biggest change was noticed in the emergence of 15 new Euglenophyta class taxa. This is particularly important as species belonging to this class were not recorded earlier in this water body. Both previo usly and now, within blue-greens, there were blooms of Microcystis aeruginosa. In the group of diatoms, most In the case of the oxbow lake no. 2, changes were also visible in the species combinations of particular classes and in the quantitativeness. Within Cyanophyceae, there was an increase in the species characteristic of eutrophic species, such as Microcystis aeruginosa, M. novacekii, which increased their share in cyanobacteria assemblages. Aphanocapsa incerta was also recorded in a higher quantity. Their increased share, along with new species characteristic of eutrophic water bodies, may suggest increased trophy of this lake. The biggest species similarity between current phycoflora and earlier phycoflora was observed in the diatom assemblage because 18 out of 27 taxa were confirmed, which constitutes almost 70% of unchanged group composition. The highest number of previously unrecorded species was within Euglenophyceae (16 taxa). Both previously recorded species and new species were recorded in high quantities. In euglenoid assemblages, the study recorded water blooms of Trachelomonas volvocina with numerous accompanying T. hispida, Phacus longicauda, P. longicauda var. tortus. Within Chlorophyta, the study recorded 15 previously absent taxa, particularly coccoid green algae. Additionally, the rocks around the lake had well developed Cladophora glomerata periphyton communities.
Discussion
Phytoplankton composition -a response to change in time
Species richness, changes in the taxonomic composition and structure, the dynamics of phytoplankton development may indicate, along with other ecosystem elements, the direction of trophy changes in water bodies (Burchardt 1993; Burchardt et al. 1994; Burchardt & Łastowski 1999; Reynolds 2000; Reynolds et al. 2002) .
In both studied oxbow lakes, diatoms and green algae were dominant groups in phytoplankton assemblages. The dominance of Bacillariophyceae and Chlorophyta in flora is typical of eutrophic species (Burchardt et al. 2003 (Burchardt et al. , 2014 , which allows us to classify these lakes as high-trophy water bodies. Their eutrophic character is also confirmed by the presence of a large number of typically eutrophic species of Coelastrum, Scenedesmus, Oocystis and Pediastrum genera (Berlinger & Sigee 2010; Jachniak & Kozak 2011; Jachniak et al. 2015) .
Among coccoid green algae found in the lakes, there were numerous representations of taxa characteristic of high trophy waters, such as: Coelastrum microporum, C. pseudomicroporum, Desmodesmus opoliensis, Pe diastrum duplex, Scenedesmus obliquus var. dimorphus (Comas et al. 2007) . The intensive development of coccoid green algae confirms the eutrophic character of the studied oxbow lakes, because, as a function of their rapid response to environmental conditions, they are a good indicator for identifying and typifying limits and directions of environmental changes in aquatic ecosystems (Burchardt et al. 2003; Comas et al. 2007 ). On stones in the oxbow lake no. 2, numerous species of Cladophora glomerata were also reported, which is characteristic of eutrophic water bodies (Dodds 1991; Rybak et al. 2012) .
The high trophy of the studied oxbow lakes was also suggested by higher quantitativeness of species typical of eutrophic water bodies, such as: Microcystis aeruginosa, M. novacekii, and Aphanocapsa incerta (Komárek & Anagnostidis 1999) . High biomass of cyanobacteria is often found in eutrophic water bodies (Grabowska & Mazur-Marzec 2011; Grabowska 2012) . Both, the oxbow lake no. 1 and no. 2 revealed a significant increase of Euglenophyta species. The occurrence of Euglenophyceae means that the studied lakes are polluted because these taxa occur usually in small and polluted water bodies and in sewage, where high nutrient content is favorable for species of this group (Wołowski 1998 (Wołowski , 2003 . Additionally, some species of this group formed water blooms. These species indicate a higher concentration of organic matter, which may also suggest increased trophy of the studied water body (Matuła 1995; Owsianny & Gąbka 2004; Bucka & Wilk-Woźniak 2007) .
Diatoms have long been used in various diatom indices to assess water quality throughout Europe (e. g. Kolkwitz & Marson 1908; Prygiel 2002; Kelly et al. 2008; Szulc & Szulc 2013) , since they are a good indicator of environment properties. In the oxbow lake no. 1, many species emerged within Bacillariophyceae (18 taxa), including species typical of fertile waters, among others Amphora ovalis, Asterionella formo sa, Aulocoseira granulata, A. ambigum, Melosira varians, Fragilaria capucina, Rhoicosphenia abbre viata (Rakowska 2001; Bąk et al. 2012) . On the other hand, in the oxbow lake no. 2, within this group, earlier and current studies recorded the following species: Cyclotella meneghiniana, Gomphonema parvulum var. parvulum, Nitzschia palea and Ulnaria ulna -which are characteristic of eutrophic waters (Rakowska & Szczepocka 2011).
In conclusion, the studies suggest that trophy levels of the oxbow lakes changed in a short period of time. They are still eutrophic, but due to numerous water blooms, the increase in quantitativeness of particular species may indicate increasing trophy of these waters. Additionally, the emergence of new species and an increased number of Euglenophyta species as well as their higher quantitativeness may suggest that there is more organic matter in the lakes. Consequently, the analysis of changes in cyanobacterial and algal assemblages of the oxbow lakes provided a basis for conclusions about the trophy of these water bodies and its determination as increasingly eutrophic.
To sum up, it needs to be mentioned that in large urban agglomerations, due to failed anthropic activity, water ecosystems show changes in pH, electrolytic conductivity and nutrient availability. These unfavorable processes lead to distortions in water ecosystems, including phycoflora. Cyanobacteria may react to these factors by changing quantity and quantitativeness of species, taxonomic composition and diversity index. Algae and cyanobacteria respond to environment change very quickly and, thus, may be treated as indicative species. This role is clearly understandable as they are a complex group of organisms having many features useful in evaluating environment stability.
They are relatively simply built and, due to their physiological properties, they quickly react to changes in their habitat and, thus, have an advantage over vascular plants. Individual taxa may respond differently to the same environmental factors. They may be used to characterize various environments, including still water habitats mentioned in this paper. They may also indicate seasonal changes and water productivity. Cyanobacteria and algae studied together as all groups help in complex environment evaluation. On the other hand, individual species inform us about particular factors disturbing a habitat. Consequently, we may use both individual species and whole cyanobacteria and algae communities as universal bio-indicators in monitoring the environment and determining fertility, contamination and purity. Carr et al. (2005) showed that the abundance of periphyton depends on nutrient concentration. Additionally, a shift in dominants in cyanobacterial and algal communities shows the contamination of water basins. Peinador (1999) noticed a larger share of Cyanophyta in more contaminated areas. Higher phosphate and nitrate availability favors the development of green algae. In a study by Akpan & Akpan (1994) , phytoplankton was dominated by Chlorophyceae, which showed the biggest species richness, density and diversity. Such phytoplankton state was caused by the eutrophic character of the pond (sewage entered the water reservoir). The above-mentioned remarks confirm the validity of using cyanobacteria and algae in determining the state and stability of ecosystems.
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